Malaria is a major public health problem in India though it is both a preventable and treatable disease. As per the WHO estimates 207 million cases of malaria occurred globally in 2012 (uncertain range 135-287 million) and 6,27,000 deaths (uncertain range 4,73,000- 7,89,000); about 80 per cent of these cases were found in African countries and 13 per cent in South East Asia Region (SEAR) countries[@ref1]. India contributes to 61 per cent of malaria cases and 41 per cent of malaria deaths in SEAR countries[@ref2]. In India, approximately 539 million people reside in high transmission areas, *i.e.* defined as more than one case per 1000 population[@ref1]. Malaria is a major health problem in rural/tribal areas of the central, eastern and north-eastern states, particularly in 16 states including seven north eastern states and nine states of central India \[National Vector Borne Disease Control Programme (NVBDCP) report, 2010-2014\][@ref3]. These are all tribal dominated states having large population of ethnic groups[@ref4].

Tribal population in India is mostly residing in areas which are remote and difficult to reach due to typical geographical situations usually due to forest, hills, valleys and perennial streams[@ref5][@ref6]. The presence of various malaria parasites and vector species, climatic diversity favouring growth and proliferation of the parasite and vector as well as a highly susceptible human population have resulted in high malaria transmission in tribal areas[@ref5][@ref7]. The utilization of health services is poor among them and they have their orthodox health beliefs. The proportions of tribal population vary considerably among Indian states/Union Territories (UTs). Records revealed that no Scheduled Tribe (ST) population was enumerated in Census 2011 in the five states/UTs *viz*. Punjab, Chandigarh, Haryana, Delhi and Puducherry, whereas more than 50 per cent of total population was classified as ST population in six states/UTs, *viz*, Dadra Nagar Haveli, Arunachal Pradesh, Meghalaya, Nagaland, Mizoram and Lakshadweep[@ref8]. Thus, it will be important to determine whether proportion of tribal population has any positive correlation with malaria prevalence. The objective of this analysis was to find out the incidence of malaria in various states/districts having varied proportions of tribal population by using the retrospective NVBDCP data (2008-2012) of 35 states and UTs segmented in 620 districts.

Material & Methods {#sec1-1}
==================

The NVBDCP collects and compiles the data of malaria both monthly and annually from all the states for monitoring the trends and taking public health actions and planning. Five year average (2008-2012) of all important malaria indicators was taken to normalize the effect of annual fluctuations at district level. These indicators were total blood slide examined, total malaria positive cases, *Plasmodium falciparum* and *P. vivax* cases and total malarial deaths.

According to Census of India, 2011[@ref8], the country is administratively divided into 28 states and 7 UTs ([Fig. 1](#F1){ref-type="fig"}). The states/UTs are further divided into 640 districts for administrative purposes. Malaria information is available for 620 census districts, but these districts are clubbed into 609 districts in NVBDCP data set. The analyses were carried out at both state and district level. However, for comparison purpose, states and districts were classified into three categories, based on proportions of ST population, *viz*. category-I (\<10% ST population), category-II (10-29.9% ST population) and category-III (30%+ ST population).
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Data were analyzed with the help of MS-excel 2008 (Microsoft, Redmond, WA, USA) and SPSS 20 (IBM Corp., Armonk, NY, USA). Odds ratios (OR) were computed to assess the association of tribal population in the districts with malaria. Category-I (districts with less than 10% ST population) was treated as a reference category.

Results {#sec1-2}
=======

*State level analyses*: The distribution of tribal population in India showed that more than 80 per cent of country\'s tribal population resided in 10 states *viz*. Madhya Pradesh, Maharashtra, Odisha, Rajasthan, Gujarat, Jharkhand, Chhattisgarh, Andhra Pradesh, West Bengal and Karnataka. Of these states, Madhya Pradesh and Maharashtra contributed to one-fourth of total tribal population. Similarly, more than 80 per cent of country\'s total malaria cases were reported from 10 states, *viz*. Odisha, Jharkhand, Chhattisgarh, Madhya Pradesh, West Bengal, Maharashtra, Gujarat, Assam, Uttar Pradesh and Rajasthan. Eight states were common in both 10 tribal concentrated and malarious states/UTs in the country.

Of the 35 Indian states/UTs, 17 states/UTs had tribal population less than 10 per cent, whereas proportion of tribal population varied between 10-29.9 per cent in eight states/UTs and 30 per cent or more in 10 states/UTs. [Table I](#T1){ref-type="table"} shows that 17 states/UTs with less than 10 per cent tribal population comprised about 70 per cent of total population and 29 per cent of tribal population. Eight states with 10-29.9 per cent tribal population comprised about 27 per cent of India\'s total population and 55 per cent of total ST population and 10 states/UTs with 30 per cent or more tribal population contributed only three per cent of total population, but about 16 per cent of country\'s tribal population. Category-II, states/UTs contributed 59, 68 and 49 per cent of total malaria, *P. falciparum* and *P. vivax* cases, respectively ([Table I](#T1){ref-type="table"}). Similarly, category-III states/UTs also contributed considerably to total malaria (14%), *P. falciparum* (21%) and *P. vivax* (7%) cases. While 27 per cent of the population in category II States/UTs contributed to 45 per cent of malaria related deaths, only three per cent of population in category III states/UTs contributed to 29 per cent of deaths.

###### 

Distribution of blood slide examined, *Plasmodium vivax*, *P. falciparum* and total malaria cases in States/UTs by categories of per cent ST population of India (average of 2008-2012)
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As per NVBDCP guideline, about 10 per cent population should be screened for malaria annually, *i.e*. annual blood slide examination rate (ABER) should be 10 per cent[@ref3]. [Table I](#T1){ref-type="table"} showed that annually 8.8 per cent of population was tested for malaria. However, the proportion of ABER increased consistently by proportion of ST population. Similarly, the slide vivax rate (SVR), slide falciparum rate (SFR) and slide positivity rate (SPR) also increased with proportion of tribal population. The SPR was 0.6 for category-I states/UTs and it was 2 and 4.4 per cent for category-II and III States, respectively. Values of annual parasite incidence (API) for the three categories were 0.44, 2.56 and 5.02, respectively.

*District level analyses*: Similar to the state level analyses, district level analyses were done to assess the relationship between proportion of ST population and malaria incidence. District level analyses provided micro level insights. For comparison purpose, districts were also divided into three categories, *viz*. category-I (districts with \<10% ST population), category-II (districts with 10-29.9% ST population) and category-III (districts with 30+% ST population). Of the 609 programme districts, 381 (62.6%) had \<10 per cent ST population, 104 (17.1%) and 124 (20.3%) districts had 10-29.9 and 30 per cent + ST population, respectively. Category-I districts comprised about 76 per cent total and 19 per cent ST population. Conversely, the proportions of country\'s total and ST population were 17, 33 and 8, 49 per cent in category-II and category-III districts, respectively. About three-fourth population of India residing in category-I districts contributed to one-third of malaria cases and 11 per cent *Pf* and 57 per cent *Pv* cases, whereas, about eight per cent of population residing in category-III districts contributed to 46 per cent of total malaria cases, 70 per cent of *Pf* and 22 per cent of *Pv* cases. about 47 per cent malaria deaths in the country also occurred in this eight per cent of population, conversely, 31 and 23 per cent malaria deaths, respectively were reported from category-I and category-II districts ([Table II](#T2){ref-type="table"}).

###### 

Distribution of districts, population, ST population, blood slide examined, malaria cases and malaria deaths by categories of districts (average of 2008-2012)
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The ABER was 7.1 for category-I districts, which increased to 13.3 and 15.3 in category-II and III districts, respectively. SFR was 0.1 per cent in category-I and it increased to 0.5 and 3.4 per cent in category-II and III districts. Similarly, SPR increased from 0.7 to 1.1 and 4.4 per cent in category-I to category-II and III districts, respectively. API also increased considerably from 0.51 for category-I to 1.44 and 6.77 in category-II and III, respectively. The analysis of SPR and API during the five years period (2008-2012) also revealed that malaria incidence was considerably higher throughout the period in category-III districts as compared to districts from other categories (Fig. [2A](#F2){ref-type="fig"}, [B](#F3){ref-type="fig"}).
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To study the significance of these differences between the three categories of districts, odd-ratios were computed treating category-I (\<10% ST population) as a reference category. The analysis demonstrated that category-III (districts with 30+ ST population) districts had significantly higher SVR (OR=1.7; 95% CI 1.4-2.1), SFR (OR=30.0; 95% CI 23.5-38.2), SPR (OR=6.5; 95% CI 5.7-7.3) and API (OR=13.4; 95% CI 11.9-15.1) as compared to category-I ([Fig. 3](#F4){ref-type="fig"}). Category-II districts also presented higher values for all malaria indicators except SVR as compared to category-I.
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Discussion {#sec1-3}
==========

Understanding the multifaceted determinants of tribal malaria is important as many factors play a role in malaria transmission directly or indirectly. The tribal villages are intersected by numerous hill streams and their tributaries which support mosquito breeding throughout the year[@ref5][@ref7][@ref9]. The rainfall, water logging and rise in the pooling are major problem of the tribal areas. Moreover, ethnic communities prefer to go to spiritual healer for treatment[@ref6][@ref9][@ref10][@ref11] or to untrained and unlicensed practitioners (quacks). Many efficient primary and secondary vectors (*Anopheles culicifacies*, *An. baimaii*, *An. minimus*, *An. fluviatilis*, *An. nivips* and *An. sundaicus*) are present in tribal areas[@ref11][@ref12][@ref13][@ref14][@ref15], along with rising insecticide resistance[@ref16][@ref17][@ref18]. An inadequate health care infrastructure with inadequate spray coverage are the factors that maintain malaria as one of the most important causes of illness and death in most of tribal dominated parts of India[@ref19][@ref20].

Rapid diagnostic tests (RDTs) allow the rigorous monitoring of malaria burden and reduce dependence on traditional microscopy[@ref21][@ref22]. However, RDT supply is limited for prompt diagnosis and treatment. Further, most RDTs have a technical concern. The detection of low density parasitaemia is unreliable and leaving a reservoir of disease only detectable by microscopy/PCR.

However, wide scale testing is currently only possible practically using RDTs. Hence, only good quality RDTs are to be used for optimal results[@ref23].

Artemisinin based combination therapy (ACT) is highly effective, works rapidly and has very few adverse effects[@ref24]. Although the States have adopted ACTs in tribal districts, yet only a small fraction of the population actually receives them[@ref6][@ref20]. Further, the constant movement of people in and out of the forest makes it at times difficult to maintain contact with people for diagnosis and treatment[@ref25][@ref26]. The primary health centres (PHCs) responsible for providing health services to the villages are often understaffed and not able to cope with the high prevalence of malaria[@ref26][@ref27].

Our study had some limitations. First, the data were aggregated at the district level, so local effect could not be detected. Secondly, ST *vs* non-ST wise information was not available in the Programme data, hence any kind of comparison between incidence of malaria between tribal and non-tribal population within a category was not possible. Thirdly, in case of SPR, it could be possible that a proportion of the clinical malaria cases never made it to the surveillance system, thus the actual number of malaria cases particularly in the category III States/districts might be much higher. Another major limitation was that information on other risk factors such as behaviour/traditional belief, cultural habits and environmental factors in relation to malaria was not available. Thus, in-depth studies are required for each of the three categories to develop evidence based appropriate malaria control strategies.

The most effective way to control malaria is robust and sensitive surveillance so that both symptomatic or asymptomatic cases may be treated promptly to prevent the spread of disease[@ref28][@ref29]. The implementation of RDTs, ACTs, long lasting insecticidal nets (LLINs) along with a mix of preventive strategies by timely procuring efficacious insecticide in adequate quantities for complete coverage and integrated vector management are required[@ref30].

The neglect of the ethnic communities and tribal areas would be detrimental to the overall reduction of morbidity and mortality due to malaria. The fight against the increasing burden of malaria in tribal belt will require adoption of multiple approaches and socio-economic development of the tribal population.

The present analysis indicates malaria as a major problem in tribal areas, hence these tribal dominated States/UTs and districts need special attention. Improving socio-economic status of the community in the long run will have a great impact on the incidence of malaria.
